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[Abstract] Objective: We sought to produce a human specific anti-rabies-virus bivalent antibody with neutralizing activity by using
the dimer effect of RII’s dimerization and docking domain(DDD)in protein kinase A (PKA). Methods: Linker-C-DDD sequence was
optimized and synthesized. Fd section and light chain variable region (Vk) of anti-rabies virus Fah094 were amplified. Fd section of
Fab094 and linker-C-DDD gene were recombined using overlap PCR. Fd-DDD and Vk were cloned into eukaryotic expression vectors
and both vectors were transfected into 293 free style cells. Fab094-DDD antibody was expressed and purified. The immunological
features of Fab094-DDD was detected by SDS-PAGE, Western blot assay, enzyme-linked immunosorbent assay (ELISA) , co-IP, affinity
test and indirect immunofluorescence test. The neutralizing activity of Fab094-DDD was detected by fluorescent antibody virus
neutralization test. Results:The results demonstrated that the eukaryotic expression vectors of the human specific anti-rabies virus
bivalent Fab094-DDD antibody were successfully constructed. The antibody effectively recognized the antigen and specifically
combined the rabies virus,and the neutralization titer of the antibody was 213.2 U/mg. Conclusion: We successfully generated a
bivalent Fab094-DDD antibody against rabies virus,and the antibody showed high neutralizing activity. Fab094-DDD antibody could
establish the foundation for the treatment of rabies and could be applied to the construction of other bispecific human specific antibodies.
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TR 2 — B RM = M 2 R G pR
FEAETTIEIFIEHEMEZ ™, X TR G5 2
JERRYY, FERMPUER I EE S SEBRE H (rabies
immune globulin, RIG) 51 R ¥ i S e R AP AR 45
B RYIT I, i R PO e sk 1
TR AR R P B i N B T A5 P R
BEIML, PR ™ 52 2 R BLAFTE % 4 e
Mo BEE RN TSR R S8 E IR i, N TR AR
P TR IR TR C RO F -, SR
T BE DU 5 AL G928 1k sk L] Bz /N 1 P A i ke
B o™ R 5 B RO 2 R AL R REIA 2 1
ZEMBAE . BEFER SR ARSI T
ANZEPmindy BA ) Z g TS MY BERS 5
NEELR R AR S SE G, B e T s
A5 T ELRE A8 7 AR B N BB R RN, A7 SR A
PHIOR 2 5 52 AR S G RURE I, ABFTEAEE C N4
N TR TR AR PR P rh i 8 ) 22 Wk = 25 8 05 BT
RIFEE Fab U ASBIFFE LR I3 R T A 14
TREFA, §il %6 & 5 4§ A (protein kinase A,
PKA) 9k 9 — R ARAL DI RELE I3 (DDD) B i
FERIGTE M biid, ot — 20 il 8 WAL N T 5
PEHUE RS REDT IR BEE LA

1 #EFT %

L1 ##
LL1  faje AP A2 K Ak

293Free style 2l \E.Coli DH5c W H 3% [# In-
vitrogen /A F) ; BHK-21 41ffl . JERIGEE Flury ££ .CVS-
11 BRI R AR B R S BT, TER
JREE CTN Bk b R EBe s DUR BRI f 44t
1.1.2 FE

Pt B % 3K K K pFUSEss-CHIghAL,
pFUSE2ss-CLIg-hk 14 F &[] Invivo Gen 2] HTAER
JREEDTIAR Fab094 JFUA% 63K A TR g 5t BE LR

2 T ARG AR S S 2 & I RAT
1.1.3 KA FE

293F Expressin £ 7 3£ Opti-MEM £5 ¢ & |
DMEM 3532 % 293 Fectin Transfection Reagent (In-
vitrogen 28 ), FEE ) ; BRI VIS Age 1 Nhe 1 F1
Bsiw I (NEB A F], 3¢[H ) ,2x PCR master mix (65T
P 18 B 23 ] ), Agarose Gel DNA Purification Kit
DNA Marker(TaKaRa /A ], HA) , % H Marker(Bio-
Rad W], SE ), Foki/ N $2 UL & (b 2 8 ik
AW F]) s HRP FRid B0 Fab FITC fniddit A
Fab HRP Fricdi il TG (RPUHE LAY ), RIEDT
FERIGEE G FAPLIAR (C86307M , Meridian /A 7] , 3¢
[ ) ; Hitrap Protein L Tl 41 (17-0402-01,GE A A,
), HE A4tk £58 (AKTA Purifier 100, GE A,
) ,100 kDa HUEE L (Millipore AR, 32H)

1.2 F&*
1.2.1 5143t A,

M4 Dock-and-Lock (DNL) 77 ¥ JEL B+ DDD %
K751, AR AL A B linker-C-DDD J3# 41 5 AR HEHTHE R
FREEPLI Fab094 1) Fd BeJFFI AL AL A B linker-
C-DDD JF411 %3+ 4E overlap PCR 514, FiE5 |49
5] A Age 1008, RIFHHAGSRK, TS 9451
A Nhe I {3755, 34 AZ LT AR Fab094 (REEET]
X (Vi) FPANBETHREES ), LIS 1 GIA Age 1
P FIBHRAG SR, TS 1 a1 A Bsiw 1AV
(& 1),

122 #JEXKFHF =M Fab094-DDD #ifk £ 4k ik
BARw M

fdi FHBR B N VIR Age 1 Nhe 1 IEALHTIA A
FIR K pFUSEss-CHIg-hA 1, BREIVEN VI Age T |
Bsiw 1 AL E A% F R 3R pFUSE2ss-CLIg-hk, 435
Ll Fab094 F1 linker-C-DDD sk , 8 4k
B 51 ¥4 1 Fab094 Y Fd Bt Vk F linker-C-DDD
A 3 o overlap PCR, ¥ Fd il linker-C-DDD

*1 PCRETASIMEFZ
Table 1 PCR primer sequences

H Y HE A

IWRFAI(5'—3")

SRENG iR
(overlap PCR 51%)

F  5"-ACCGGTGCCGCCACCATGGAGTTTGGGCTCAGTTGGCTCTTTCTCGTGGCAATCCTC
AAGGGGGTGCAGTGTGAAGTGCAGCTGGTGCAGTCT-3’

Fm 5'-CGTAGACGGTTTCGGAAATTCCTGGCCGGCCTGGCCACTAGT-3’
Rm 5'-ACTAGTGGCCAGGCCGGCCAGGAATTTCCGAAACCGTCTACG-3’
R 5'-GCTAGCTTACGCACGGGCTTCACGCAGACGGGT-3'

EARLR

F  5"-ACCGGTGCCACCATGGACATGCGGGTTCCAGCCCAGCTTCTCGGACTTCTGCTGTTG

TGGCTGCGCGGAGCACGGTGCGACATCCAGATGACCCAGTCT-3'
R 5'-CGTACGTTTGATTTCCACTTTGGTGCCGCCGCC-3’
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ZH %3 K FAd-DDD, Fd-DDD F1 Vi 43515 1t S i)
SHukE bk AR AR Y
E.Coli DH5a & , e B veREIF R DI A X 48 1A
) e RS R i 2 R AR P R B A
123  #HIERJBFE =M Fab094-DDD Ftk ¢ & ik o
AL

W5 7 IEH 1Y 200 wL pFUSEss-CHIg-hA1-Fd-
DDD (250 pg/mL) #1200 L pFUSE2ss-CLIg-hk-Vk
(250 pg/mL)H A Tk %4 2 100 mL 293Free style
(293F) 4l B ANMEE T CO, PEIRIGFRAG R
K50 . CO MR ECH 8%, %R 120 v/min,
REFRIEEE M 37°C, 120 h JE ARG 3 ik . Ik
A5 10 20 M L5 AN 40 Y DT T 24 A ) - Western: blot
Faril 383 SDS-PAGE HLyk % 5, Hl HRP Fric 41
A Fab Fi& (1:3 000) & , il it kO R Gk
W 4B 13 28 0 08 s it 2 1 2l Ak R S8 FN Hi-
trap Protein L THEAT  #ARME4RAE L SR alifb . 2lifk
JE #1100 kDa 8 U8 25004 B PRS2 vl T ik
45, i One Drop 43 656 BE 710 5 v B s 43286
SDS-PAGE 73 %€ ,
1.24  #AE K JHFHF =M Fab094-DDD FAkdE TPk
A

P AL IS TR RN EE M Fab094-DDD HifA
255 wg N 2xARAEPE FAELE Ml (AN 5 SDS i B-%ii
HOBE), REBMHAME, HH LA T%E SDS
PAGE LilFATHIIK
1.2.5 #IERJFE M Fab094-DDD Ak 9% 5 4%
S

ELISA #aill . KIS AE R 8 CTN bk AL 8
(RABV) @# ELISA #2 (50 ng/$L)4°Cid 7% ; PBST
Ve 5% BRIk, 100 wL/AL, B 37°CH;
FEFFIEE 2 hy 2 BIIA —Af Fab094-DDD A& F
Fab094 HLIR LABS R BE (1x27~1x27 pg/mL), LA
anti-trop2 (FCRATIR) M BHHEXT IR 37°CHFE 2 h; PBST
THPE 4 WG, A HRP FRICFEHTA Fab(1:3 000),
37°CH#E 1 h;PBST 5% 8 W, A1 ; iN A TMB &
6, IR 5 min, A 2 mol/L HS0, LI 11 2
N7, BEASGSEE0 E 450 nm A G(E

G L PTIERTI . FF 10 uL RABV 5 5 pg #1
FERBGTE M Fab094-DDD HidkiE4A , JT PBS B4
#] 300 wL,4°CIIFF 2 h, HIA Protein L HEREER
YRS E S . B0 10 min 255 135, B PBST 57k
5 3T, A 50 WL A RRVEIIR , 25,0 JF ISR 1,
JIIA 10 pL Tris-base H1 A1 35, il 1d SDS-PAGE

FLUK G R, FH BB HUIER i 8E G 8RBT (1:1 000),
37°CHFE 2 h; PBST iE ¥k /5 H HRP FRic it i IeG #t
A (1:3 000)IFE 1 h, B fbr RO R G

SERUIRN . (7 pH74 (U254 G2 i B — M
Fab094-DDD HifA, ¥ % % 50.0,100.2.0,04 wg/mL, 53
4542 Protein L FREHMEIRAT I, HIZE GG i
B RABV £ 50 wg/mL, 58 W EHAD LG, 1K
BYUARSHE S AR PR SHURSS & BRI Y
300 s, kM BLItz 43[R AH BAE FH & 4800 B — A
Fab094-DDD HUIRKIZEFT1

HIEDEEH . ¥ BHK-21 ZI %55 T 6 LR
(A RS AUES , 24 h S AR RS 8 Flury BRI
Y iR BHK-21 4 5 [R]E a8 B X B AL, RPN Jgkgy
FaEE. YL 72 h 5 PBS 15U 3 UK, 2 I ARG B
HIHIE R TE M Fab094-DDD HifAk , = 1RIFE 2 h
J& , FH PBST 353t 3 K, N A FITC #ric 4T A Fab
ZH(1:1 000) , FJEEHEMFE 30 min, PBS YL SR
A DAPI(1 ¢/L) TAEW , & I #ESEIEE 10 min,
PBS 1k ; 2G5 B A T AT AR,
1.2.6  #AERJHH =M Fab094-DDD Foik 494K 9k P
o 7 P A ]

BRI EE M Fab094-DDD Hi A i) ipr A P
{8 1] BHK-21 401 CVS-11 JF R EERE , R 198t
PR A #1356 (fluorescent antibody virus neutraliza-
tion test, FAVN)5E i, FAVN itk F 5y Tk 41 41
(Office International Des Epizooties, OIE) 77 AU 4E
KA B ORI ARAGI 732, FH 96 FLAN ALK 3=, LA
4 F1x12 B0 1 ASFE ARG X (BD 4 B L), %
Fab094-DDD FIARHAERG 725 3 A5 55 LA B ARG 5=
M, BEFLIILA 100 5% 240 i > UG £ (TCIDs ) 1Y
FERIFHE CVS-11 #k, 7E 37°C 5%CO, ¥ M h s
1 h, FIMAZ) 2x10* 4> BHK-21 401, 97 48 h,
PBS W5 V5 FH 809 P i [ 7 240 B, A2 Ehn e 1
BOTERIGEE N E P, 37°CHFF 30 min, 1E 1001
D RTA G
13 %it®Fk

i Stata8.0 BT BRI AT 08T, SEE
SKIHYIBC + ARAEDS (% + ), 2 H480 L A%
K, P < 0.05 FRFHRZEREG =X,

2 & R

2.1 F#HIE R 9B F =M Fab094-DDD #Hiik ¥ 20 &k ik
BN MRS T
K H PCR 43 54 84 < BE 786 bp B9 Fd FE[A
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F1 204 bp [ linker-C-DDD F£[H (& 1), 1 overlap
PCR 914 K 5k 957 bp 1Y Fd-DDD JE[A | [A] it~
K EE R 405 bp 19 Vi FER (1), 2090 S5 261
fL B pFUSEss-CHIg-hA1 F1 pFUSE2ss-CLIg-hk [
e, R EA (K 2), EAE R A
DHSa J , Jhak FHAA: se 26 A RN, UESE 517
G 5E4AH A,

786 bp

500 bp
204 bp

200 bp
1 000 bp 957 bp
405 bp

M1:100 bp DNA Ladder Marker;M2;DLS 000 DNA Marker;1:
094Fd;2:linker-C-DDD;3.094Fd-DDD;4.094Vk
E1 HIERFE M Fab094-DDD EF PCR ¥ 1=
IS PR AC Bk

Figure 1 Agarose gel electrophoresis of anti-RABV Fab(094-

DDD gene PCR products

M 1 2 3 4 5 6

M:DL5 000 DNA Marker;1;pFUSEssCHIghA1 JFi ki ;2;pFUSEss
CHIg-hA1 J§i ®i +Fd-DDD;3;Fd-DDD ;4 pFUSE2ss-CLIg-hk Jfi % ;5
pFUSE2ss-CLIg-hk Fiki+Vk;6:Vk,

B2 BEARTERFRE MM Fab094-DDD EHE K 24
RIEFHEMERLETE
Figure 2 Construction and identification of the recombi-
nant expression plasmids with anti-RABV Fd-
DDD/ Vk

22 HJERJHF =M Fab094-DDD Ho 4k # & 1A Fo
AL
2.2.1 Western blot #&m|

FH HRP FRiCHT A Fab H0R X Yy J5 40 L3
FAMME T TE ZLR Y 4T Western blot K20, /R 7E
2635 kDa A B R VA0, IR I i R4
LI E SRR A B A5 (B 3) . i R/INIE
T, FEWITERL YL 293F 40 1 3% FI 240 B I e i 2y
H Fab094-DDD Piikfs FEHEA KIS,

3 4
35 kDa
26 kDa
B-actin — -

1. 7G5 293F AN L3 5 2. 5654 m 293F RIIIIHE S ;3. R
TEYR) 293F AL LI ;4 RS 293F ARNIIIRE SR
3 Western blot £E# i X FE M Fab094-DDD ik
£ 293F HpaHRRIE
Figure 3 Identification of antibody by Western blot assay

2.2.2 SDS-PAGE #in

fii 11 293F ik R G HAZRIBPUER I A
Fab094-DDD Hifdk, THULJE 120 h YA 240 35 77
g A AKTA 2 1244k RS Protein L EHIZ
Mraeglifepiik . alifb )5 0okl i SDS-PAGE 43
M, D i e s R s (| 4), gifbs bk

N E

|
—

35 kDa W
25 kDa -
ML ZE 1 Markers 1 400kJ5 Fab094-DDD; 2. 46 fLATATML L3 3
REGYL 203F SAf0 135 ;4. AW
B4 “UEHERFESZ M Fab094-DDD K E) SDS-
PAGE #&
SDS-PAGE analysis of purified anti-RABV
Fab094-DDD antibody

Figure 4

223 HIERFHEM Fab094-DDD FuikdE T Pt
A

4lifkJ5 19 Fab094-DDD iR ARAS M L PRGN
S5 RTE 120 kDa K/ H RS54, T 60 kDa Ab
TCHH AT (B 5) , BRI  E 55 1 T =it
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M 1 2

100 kDa  sm—

75 kDa  —

50 kDa  AEEG_—_—
37 kDa “—

——

25 kDa  —
M. H Marker; 1:4[{0J5 Fab094-DDD ;2 AR5 Y4f) 293F 4 13,
B 5 Fab094-DDD JEZ5 {4 kel
SDS-PAGE analysis of native purified anti-
RABYV Fahb094-DDD antibody

Figure 5

23 IE R HHE =M Fab094-DDD ik 69 % 9% 5
HHEE
2.3.1 ELISA #m)

H RABV % ELISA #2(50 ng/fL), [H]4% ELISA
R M HTAE R EE A Fab094-DDD HUA& B 5 .
Zi R Won, PUERBEEE M Fab094-DDD ik
RABV Al MESS G BABIFECR (B 6),

HHA T Fab094,

207 e~ Fab094-DDD
—~ -= Fab094
£1.5 I
= anti-Trop2 IgG
(=)

v
1.0
Q
0.5
0.0 +——F———F————1
271 2202324250607 289

N}

PUA L (g/mL)
B 6 HITRFHE M Fab094-DDD Hifk k) ELISA #i7
Figure 6 ELISA analysis of the binding activity of anti-
RABYV Fab094-DDD antibody

232 FAe A

¥ RABV & 1 FH 22 vl 6 B 21 50 pg/mL,
Fabh094-DDD LA H B A 50.0,10.0,2.0,0.4 pg/mL
4 ANURFEREEE 2R ] BLItz 43 TR AH AR R G40 Hr
— 4 Fab094-DDD Hi A& £ F1 77 KD A 1.173%10°
mol(E 7).

= —50.0 pg/mL

g3 -

ER) ==10.0 pg/mL
E 1 — ==2.0 ng/mL
T, — = —0.4 pg/mL
h 1 1 1 1 T 1 1 1 1

0 100 200 300 400 500 600 700 800 900
AP IE] ()
7 FUIERFHEHH Fab094-DDD HiikHyEF ST
Figure 7 Affinity detection of anti-RABV Fab(094-DDD antibody
233 SR EIRE 2.3.4 SR AAm

HUIE R WG EE A Fab094-DDD #Hifk 5 RABV
REMDITE ST ,SDS-PAGE 5l , 7£ 67 kDa 4bAG 1 4%
7 (&l 8A),Western blot £l (&l 8B)5 SDS-PAGE
SER 3 KB 67 kDa Ab A S N RIGTE G &
1, - Fab094-DDD Hifkfe S 2 f it at &,

A B
M 1 2 3 M 1 2 3
J— -
70 kDa o
— -
—
35 kDa ww
— ——
25 kDa w»

A:SDS-PAGE %528 ;B Western blot 45
DDD; 3.Fab094-DDD+RABV,
B8 Fab094-DDD HJ %% T iE i)
Immunoprecipitation analysis of anti-RABV
Fab094-DDD antibody

o 1:RABV; 2:Fab094-

Figure 8

Ry it —2E B UEHE R BE A Fab094-DDD 47t
SR LGRS PR 5 RIEHE Flury
PRIBRGL ) BHK-21 L% 5, A FITC FRicHi A Fab
T, RN R R e L Y 2 2 R AR (R 0
I, AR BRI Ge A I Te 2k (4 26 (K 9) , B
ZPUARTT DL SR R A S
2.4 FAERHF =M Fab094-DDD F Akt F Ao i
PEAS I

1E FAVN th 55538 LINE A DT 1A 2040
(ITE R PR, TEoCH A e R BAYE . LABRUEDTAE
RIFIMIE (30 U/mL)VERXTRE  ff ] Spearman-Kar-
ber J7 &M KRR RE HLI AN BAPEFL AR, TR A
Fab094-DDD FA K HAEHEM K 2132 U/mg,

3 9t i

TER 2 ARG TR A SR IR N 7 3t
BBVEALGYR  — B A RIER T2 100%7, H
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FITC ##icH A Fab

JEYER IR TR
i BHK-21 411

RIEHAER ST

) BHK-21 412

Merge

B9 REWHLKT Fab094-DDD SHERFENEREES
Figure 9 Combination of anti-RABV Fab094-DDD antibody with rabies virus by immunofluorescence microscopy (x400)

T R b =5 Al P AR R B 1M 38 A S 5 R
S 7 ILVE FH T AE K 1 8 sh S (B BTAE R 5
T8 AP AR R, P I AR AR SR T S A
KA B LT 7T B8 7™ A SR B 11 B0 o O v
MR R BRI TR T a4
A ATl B R R S RS R
9 B AR B A A 1 Il v

NIEHUE R a8 th Ptk A 2 e Ay
J1R Rk R AR A R A R AR
A I PRI AT S AR H TR A2/ N R T
PRAE I e AR 35 A0 T B Rn s M AR X 4
S F B BRI S 40, th T AN PR S X — A
B REDUE AL, B AT BEE 1 B ORI AR B B
e LU 557, 5] FH 2 ) 25 440 118 45 BELRIC o7 96 3k v
FGCAR RS, (AU R IR BEDUAR A A 2R 15
O B S A BELT A 7 I AF R A SR 4
T PR R R GEARUTE AT RE AT X AN TR
PURRA, A REE m PR RS SO s {HTG
Vo2 ) P TR A 4 28 98 R Bl i b (6 50
PUIRSF 1075 15, BRXE AR AT — 5 B 4 B 1) —
WHUARS, HF5T 30 PKA 1Y R T RIRL I fES:
F35 (DDD) HA R4k ThBE, vl A &I ifa e — %
PRZE AT FRAS o 20 B — Mo iA , A 5% B )
DDD F3X —HFAE AR il 2 BUAE R 8 M bodd

AR B DR A I TR A B AR I O 2
ZREEE A TE TP RAREE Fab HTiK, Hi 1 Bk
Fab094 2kl ] 5AE R #ER S ESS &, hA
4 200.11 U/mg, 4S5 346 B HO6 JERYL AT R A 2
B/ INERAE B S R AP VRO, ARBESE LA Fab094 A

Mgy 35 H 405 bp HREE ] AR X 751 Fl 786 bp [T
B v BPAN, N HEERBUA TR 1A Y
AR Fab094-DDD £k #k ik, 7F 293F 40t bk
ik, Gt B Ak RS R Al U R
#t Fab094-DDD #ifk , 254 PAGE HITK S5 i
£ 120 kDa K/MbAT H AT, 1T 60 kDa ZbJCH I
ki (B 5), IEAEAEAS PE 2544 F Fab094-DDD LA
TR R AR, NP R R
Z AU AT 5 R B R A A 1 AR
ELISA 255 /s HAL M 5 T ELMN P Fab094 (P <
0.05) ; X} AE R 955 75 18 Fh AN 2 213.2 U/mg, & T
HRBUIA Fab094 , AHIFSE 45 AR il & THiE
RIGEE M Fab094-DDD Hifk, HA B w9 AG
Pk, AR RIRIRT T DU 25 28 5 T JE
it X6 T ARG XU A TR BT A ) 7t L
AR,

PURERZ Fe BolE o™ A SR g v 40 i /-
5 1Y 20 L BE AR T (ADCC) FHAMA A 5 14 40 it 2 fie
YERT, DA 52 M B AR 8 9 25 rh R FH R0 25 35 BR
fE S8 AWFSEAIH PKA B R I3 DDD 451 5
PKA 7€ 8 1 AR E X (AD) R EAE T E—
6 Ay Fab094-DDD HLARAE R 1 X i ek | ]
Il 5 AR BEZRR , f2ff DDD #1 AD Z [EJE i —
B, 3 50— BT MR RPN 19 40 FHUAE R
FREEPUA 1eG, FEERGRA TR RS PE =M s
PR AW TR TR AL AT R IR
BEAEAE R Z MR PTIR S R i @, mik A
DNL J7 32 ] il 28 St X AR R BT B 2= 1) = 8 2 h 4t
&, BTz X — 72 B Sl & 7 P ik
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